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CEνNS is Coherent Elastic Neutrino-Nucleus Scattering
It was predicted theoretically 50 years ago by: 
D.Z. Freedman, Phys. Rev. D 9 (1974) 1389. USA
&
Kopeliovich V B, Frankfurt L L JETP Lett. 19 145 (1974); Pis'ma Zh. 
Eksp. Teor. Fiz. 19, 236 (1974). USSR
shortly after the discovery of a neutral current in neutrino interactions in 
the Gargamelle experiment at CERN. Phys. Lett. B 46, 138–140 (1973). 

𝛎 + A => 𝛎 + A 

Observed only in 2017 by the COHERENT collaboration: Science, Vol. 357,15 Sep. 2017, p. 1123

The intense study of CEνNSs 
started in 2017
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What is coherent scattering?
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For the heavy nuclei, the condition qR <<1 is satisfied for all scattering angles at 
Eν ≲ several MeV

Explanation given by Freedman D Z, Schramm D N, Tubbs D L Ann. Rev. Nucl. Sci. 27 (1977) 167
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For the simplified case (even-even nuclei and T<< E𝛎):
CEνNS cross-section

≈ N

( )2244104.0 ns EN-×»total cm2

F=1 for qR << 1, but F < 1 for qR ≲ 1

Z – number of protons
N – number of neutrons

dσ
dT

TT max

Detection technique of CEνNS is similar to that for WIMPs! 

𝝌

𝝌 scattered
neutralino

NeutrinoWIMP particle

Both processes produce nuclear recoils (NR)

Both processes are rare ones!
10-s keV Reactor: keV     πDAR: 10-s keV

The ONLY signature of CEνNS is a nuclear recoil (NR) with energy of keV-scale for NPP reactor and 
10s-keV-scale for πDAR  



CEνNS cross-section
Dependence of the cross-section from 𝛎 energy
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<σ> ~ 10-40 cm2 (averaged for the reactor antineutrinos: 0 – ~10 MeV)
<σ> ~ 10-38 cm2 (averaged for the “Pion-decay-at-rest” neutrinos: 0 – ~50 MeV)

For heavy nuclei
(Cs, I, Xe):
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COHERENT Ge-Mini Campaign-2 Results Beyond
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Dependence of the cross-section 
from neutron number
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Rn(I) = 6.0+0.9
−0.9 fm. (28)

The corresponding neutron skins are, respectively,!Rnp(Cs) =
0.20+0.31

−0.34 fm − !Rnp(I) = 0.57+1.0
−0.8 fm and !Rnp(Cs) =

−0.24+0.30
−0.25 fm − !Rnp(I) = 1.0+0.9

−0.9 fm. Also in this case
the usage of the different PNC amplitudes play a major role
and with the second analysis, the slightly larger value of the
iodium rms neutron radius is compensated by a significantly
smaller value of Rn(Cs), that translates in an almost-zero
neutron skin for cesium, with smaller uncertainties than those
of the first analysis. Moreover, in all the scenarios, the cen-
tral values suggest that Rn(I) > Rn(Cs),while all theoretical
models (see e.g. Table I of Ref. [25]) predicts the opposite.
We thus redetermine these measurements after imposing the
well-motivated constraint Rn(I) ≤ Rn(Cs). In this case the
measurements performed in this section become

COH-CsI [Rn(I) ≤ Rn(Cs)] : Rn(Cs) = 5.5+1.1
−0.4 fm,

Rn(I) = 5.4+0.4
−1.0 fm, (29)

APV PDG + COH-CsI [Rn(I) ≤ Rn(Cs)] :
Rn(Cs) = 5.32+0.30

−0.23 fm, Rn(I) = 5.30+0.30
−0.6 fm, (30)

APV 2021 + COH-CsI [Rn(I) ≤ Rn(Cs)] :
Rn(Cs) = 5.07+0.21

−0.26 fm, Rn(I) = 5.06+0.22
−0.4 fm. (31)

Imposing this constraint, we achieve an uncertainty as low as
4% on Rn(Cs).The corresponding constraints on the plane of
Rn(

133Cs) and Rn(
127I) together with their marginalizations,

at different CLs can be found in Appendix A.

3.4 Overview of the results on Rn

Given the vast amount of measurements of the neutron rms
radius distribution presented in this work under different
hypotheses, we summarised all of them in Fig. 7a, b when
using APV with the PNC amplitude from Ref. [76] or from
Ref. [77], respectively. Despite the different fit configurations
used to extract the values of Rn(CsI), Rn(Cs) and Rn(I), a
coherent picture emerges with an overall agreement between
the COHERENT and APV results and the theoretical predic-
tions. However, we would like to note that using APV PDG
we obtain on average larger values on the radii, even if still
compatible within uncertainties. On the contrary, APV 2021
shifts downwards the measured radii towards the predictions,
but in the simultaneous 2D fit with sin2 ϑW where the corre-
lation with the latter increases the extracted central value of
Rn(CsI). Moreover, we checked the impact of using a dif-
ferent quenching factor, by comparing our nominal results
obtained using Refs. [6,61] and the derivation in Ref. [79].
The latter lower QF decreases the total number of CEνNS
events resulting in a smaller Rn(CsI) by about 10%.

Fig. 5 Running of the weak mixing angle in the SM (green line) as a
function of the energy scale Q. The black experimental determination
represent the status of the art of the measurements at different energy
scales [53,76,80–83]. The red points show the determinations from the
combined analysis of APV(Cs) and COHERENT-CsI measurements
retrieved in this work, which supersedes the nominal APV determina-
tion depicted in grey [58]

4 Future perspectives

In this section, we describe a sensitivity study that we per-
formed to outline the potentialities of CEνNS to measure the
CsI neutron radius and the weak mixing angle at the SNS,
in the context of the COHERENT experimental program. As
shown in the previous sections and in several previous papers
(see, e.g., the review in Ref. [50]), CEνNS is a very powerful
tool, being a process which turned out to be very versatile in
putting constraints on a variety of parameters. Nevertheless,
the current level of accuracy of CEνNS in the determination
of the neutron radius, both the CsI one reported in this work as
well as the argon (Ar) one reported in Ref. [23], is still lower
with respect to that obtained using parity-violating electron
scattering on similar nuclei. This is visible in Fig. 8 where
we show the current status for different neutron distribution
radii measured via diverse electroweak probes. As shown,
the precision achieved by the PREX [45,46,84] and CREX
[47] experiments is indeed greater than that obtained through
CEνNS for CsI and Ar [23,25,26,29,48].

Luckily, this is not the end of the story. The COHERENT
collaboration has additional existing and planned near-future
deployments in the Neutrino Alley at the SNS with excit-
ing physics potential. In particular, the experimental program
under development includes a tonne-scale liquid argon time-
projection chamber detector as well as a large scale CsI cryo-
genic detector. These new detectors, together with planned
upgrades to the SNS proton beam, will further broaden and
deepen the physics reach of the COHERENT experiment.
Moreover, the European Spallation Source (ESS) is currently
under construction in Lund, Sweden [85]. At design specifi-
cations, the ESS will operate at 5 MW using a proton linac
with a beam energy of 2 GeV. In addition to providing the
most intense neutron beams, the ESS also provides a large
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Motivation of CEνNS experiments
Physics, Standard Model “Non-standard” physics; beyond SM:

Ge, μB=10-10

ν magnetic moment ν-quark interaction

6

Knowledge on the precise CEνNS cross-
section is very important in astrophysics.

Because it significantly affects the 
supernova dynamics:

99% of energy of SN goes to ν!



A new tool for monitoring of nuclear reactors
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Motivation of CEνNS experiments



XENONnT:
arXiv:2408.02877 [nucl-ex]

PandaX-4T:
arXiv:2407.10892 [hep-ex] 

Knowledge on the precise CEνNS cross-section is very important for DM experiments:
CEvNS is an irreducible background floor for them

(from arXiv:1707.06277 [hep-ph])

Motivation of CEνNS experiments

2 The European Physical Journal H

Fig. 1. Measured and expected fluxes of natural and reactor neutrinos (see text for explana-
tions). The energy range from keV to several GeV is the domain of underground detectors.
The region from tens of GeV to about 100 PeV, with its much smaller fluxes, is addressed
by Cherenkov light detectors underwater and in ice. The highest energies are only accessible
with huge detector volumes and methods described in section 12.

The range of µeV and meV is that of cosmological (or ”relic”) neutrinos, i.e. the
1.9 Kelvin neutrino counterpart to the 2.7 Kelvin cosmic microwave background. No
practicable idea exists on how to detect these neutrinos, since their reaction cross
section as well as the energy of the recoil products from their interactions are frus-
tratingly small.

The keV-MeV range is populated by neutrinos from the Sun, from supernovae,
from nuclear reactors and the from the interior of the Earth. Neutrinos from a nuclear
reactor first recorded in 1956 by Clyde Cowan and Frederick Reines [Cowan 1956]
mark the discovery of neutrinos. It was acknowledged with the 1995 Nobel Prize for
physics. Solar neutrinos have been measured first by Ray Davis in 1968 [Davis 1968 ]
in the Homestake mine in USA. The apparent deficit of neutrinos observed by Davis –
the long-standing ”solar neutrino puzzle” – could eventually be explained by neutrino
oscillations which transform a large part of the original solar electron neutrinos to
muon and tau neutrinos; with respect to these, the detector of Davis and many
of its successors were blind. Supernova neutrinos from the supernova 1987A in the
Large Magellanic Cloud have been recorded at February 23, 1987 by three detectors:
Kamiokande in Japan, IMB in the USA (both water Cherenkov detectors) and the
Baksan scintillation detector in Russia. The Nobel Prize for physics 2002 was awarded
to Masatoshi Koshiba (spokesman of the Kamioka collaboration) and Ray Davis, for
”pioneering contributions to astrophysics, in particular the detection of neutrinos
from the Sun and a supernova”. Neutrinos from radioactive decay processes in the
interior of the Earth (”geo-” or ”terrestrial” neutrinos) have been identified only
recently [Araki 2005,Bellini 2010 ].

from arXiv:1207.4952v1 [astro-ph.IM] 

8Talk by R. Calabrese, parallel section today



πDAR - pion Decay At Rest - νμ,νμ,νe

Capture

p

A

π -

π+

μ+

νμ

νe

νμ

e+

~ 1 GeV

Fragments

Fragments

t ≈ 26 ns

t ≈ 2200 ns

~ 99%

Fν is by 106 lower, but σ is by 102 higher 

νe

NPP reactor – is the most intense 
artificial source of )𝝂𝒆

~ 6·1020 с-1 for 3 GW 

Fν @20 m 
~ 1.2·1013 cm-2s-1

ν energy 
spectra a.

u

Nucl. recoil 
energy 
spectra 

(Xe and Ar)

L = 40 m

ν sources for CEνNS detection

Proton accelerator,
spallation n-source
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T, milliseconds
νμ

νμ,,νe       t=2.2μs~beam

Tb Tobs

Accelerator - π Decay At Rest source
Pulsed beam of an accelerator is an essential factor of background reduction (by 1/Duty factor)!

Duty factor = Tobs/T ~ 10-1 ÷ 10-5

Lujan US (LANL) 
ISIS UK (RAL) 
BNB US (FNAL) 
SNS US (ORNL) 
MLF Japan (J-PARC) 
LANSCE 
Area A US (LANL)

ESS Sweden (planned)
DAEδALUS US (planned)

10

BNB
Lujan

ISIS

MLF

SNS SNS future

LANSCE Area A
ESS

DAEdALUS

~iso S/sqrt(B)

better

By Kate Scholberg

(since measurements are 
synchronized with beam)



The 1-st proposal of experiment on CEνNS detection:
- Micron size metastable superconductive granules in a colloidal 
system placed in magnetic field

-The temperature is tuned so that some granules loose conductivity 
when the very small energy deposition happens in the detector

-This results to the measurable change of the magnetic field

11

The idea has never been realized, but stimulated DM detectors 
development

How to detect CEνNS? History

“We consider that the neutral-current detector recently 
proposed by Drukier and Stodolsky could be used to detect 
some possible candidates for the dark matter in galactic 
halos”.

In 1984

Idea:

“The very large value of the neutral-current cross 
section due to coherence indicates a detector would be 
relatively light …”
“The recoil energy which must be detected is very small 
(10 – 103 eV), however.” 
“Various applications and tests are discussed, including 
spallation sources, reactors, supernova and terrestrial 
neutrinos.”

In 1985
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Experiment Mass, kg Technology Location ν source

CoGeNT 0.5 HPGe PPC USA, San Onofre Reactor
TEXONO 1.0 HPGe PPC Taiwan, Kuo-Sheng Reactor
RECODE 1-2, 10 HPGe PPC China, Sanmen NPP Reactor
Dresden-II 3.0 HPGe PPC USA, Dresden NPP Reactor

CONUS
CONUS+

4.0 HPGe PPC Germany, Brokdorf
Switzerland, Leibstadt NPP 

Reactor

νGEN 1.4 HPGe PPC Russia, Kalinin NPP Reactor
CONNIE 0.04 Si CCDs Brazil, Angra dos Reis Reactor
MINER 10 Ge/Si bolometers USA, TRIGA Reactor
ν-cleus 0.01 CaWO4, Al2O3 bolometers France, Chooz NPP Reactor

Ricochet 1/0.3 Ge, Zn bolometers France, ILL-H7 Reactor
NEON 13.3 Scintillator NaI South Korea, Hanbit Reactor

RED-100 100 LXe/LAr two-phase Russia, Kalinin NPP Reactor
RELICS 50 LXe two-phase China, Sanmen NPP Reactor

COHERENT CsI, Ar, Ge, NaI USA, SNS πDAR
CCM 10000 LAr USA, Lujan πDAR

List of experiments on CEνNS detection

Most of them are reactor based 
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Dresden-II (NCC-1701) @Dresden NPP USA
Very close to the reactor core:
10.39 m center-to-center

Very high 𝜈, flux: 4.8×1013 𝝂𝒆/cm2s
But, practically no overburden

Claims observation of CEvNS
(consistent with SM prediction)!

p-PC Ge 2.9 kg, 200 eVee threshold

see Enectali Figueroa-Feliciano talk @M7, 22.03.2023:
However, there is a criticism from the CEvNS community: 

Residual betw. the data and bckg model

arXiv:2202.09672
Phys. Rev. Lett. 129 (2022), 211802

• and measured QF is by >2 higher! arXiv:2102.10089 and see below

However, this result is in tension with the results of two similar experiments CONUS and n GEN
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NPP Brokdorf , GermanyCONUS 
Max-Planck-Insitut für Kernphysik

Enectali Figueroa-Feliciano \ Magnificent CEvNS \ Mar 2023

CEvNS search at Brokdorf nuclear power plant with CONUS

24

arXiv:2201.12257
2112.09585
2110.02174

x 4 Borated Polyethylene
25 cm radiopure lead
Active μ-veto

5 years of successful operation
4 x 1 kg Ge detectors @17 m
Φ=2.3 x 1013 ν/cm2/s
Energy threshold ~200 eVee
Ultra-low bckg in ROI ~ 10 cpd/kg

3.9 GW reactor

Careful QF (k)
measurements

In ROI k=0.162+-0.004 (stat.+syst.) 

  

CONUS: RUN-5 SM physics 

15W. Maneschg | M7 workshop, March 22-29, 2023

Detector ON
kg*d

OFF
kg*d

ROI lower 
threshold / eV

C1 151 43 220

C2 154 138 210

C4 153 112 220

Total 458 293

ROI upper threshold: 1 keV

Preliminary results:

● so far, statistical likelihood ratio test
● all Conus detectors do not find a signal
● combined limit (90% C.L.): factor ~2 above predicted

CEvNS based on Lindhard quenching with k=0.162
•  further slight improvements expected (PSD,
   additional statistics,…)

From W. Maneschg talk @M7, 22.03.2023 

Next phase - CONUS+ @ Leibstadt NPP in 
Switzerland
Taking data @ new place now

Enectali Figueroa-Feliciano \ Magnificent CEvNS \ Mar 2023

CEvNS search at Brokdorf nuclear power plant with CONUS

24

arXiv:2201.12257
2112.09585
2110.02174

Janina Hakenmüller talk @M7, 12.06.24; arXiv:2401.07684
Factor of 2 > SM, 90% CF



Comparison of Dresden-II and CONUS QF measurements

  

8Approach to the quenching problem

Ongoing discussion
Dresden FeF QF

CONUS QF (k=0.162)

We consider two cases: CONUS QF (Lindhard k=0.162), Dresden QF (FeF, mod. k=0.157)

Eur. Phys. J. C (2022) 82:815

CONUS

Phys. Rev. D 103, 122003 (2021)

Dresden-II

TUNL, L. Li, PhD thesis (2022) 

https://hdl.handle.net/10161/25153

+ Dresden-II photoneutron data

Phys. Rev. D 103, 122003 (2021) 

https://hdl.handle.net/10161/25153 

Comparison by vGen

Eur. Phys. J. C (2022) 82:815 

Dresden-II

72Ge(n;γ)73Ge => NR from γ emission 
n – monoline 24keV from iron filter

CONUS

TUNL

All these data – by selection of 
scatter angle of n 

15
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Current scheme of QGeN shielding

22.03.2023 M7, A.Lubashevskiy 8

Photo from installation at 
KNPP in 11.2019

n GEN

10 ÷ 12 м

10 ÷ 12 m ~50 m.w.e. 

@ Kalinin NPP, Russia

•Phys.Rev.D 106 (2022) 5, L051101

p-PC Ge
1.4 kg

from A.Konovalov talk @M7 12.06.2024 

CEvNS predicvon with CONUS   QF
CEvNS predicvon with Dresden OF

n flux:
(3.6-4.4) 1013 n/cm2/s

  

9Dataset

Collected October 2022 — May 2023 at 11.1 m from the reactor core

OFF (blue):   38 days
ON    (red): 137 days

QF Prediction,  
ev./kg/day

Sensitivity, 
×SM

68% expectation for
a 90% C.L. limit, ×SM

CONUS 0.159 4.1 2.3-6.0

Dresden 0.278 2.6 1.6-3.6

Prediction (SM2018 spectra):

CONUS QF — red line
Dresden QF — magenta line 

Analysis ROI: 0.29-0.4 keV

0.29 keV — stability considerations
0.40 keV — provides <1% loss of    
                    the sensitivity

ROI: 0.29-0.4 keV 

data:  red - ON
blue - OFF

More details in A. Konovalov talk, this section



CONNIE (Coherent Neutrino Nucleus Interaction Experiment)
Angra dos Reis NPP, Brazil

arXiv:1608.01565, 2110.13620 
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Rejection of ER 
interactions
and acception of  
only point-like NR 
events
Threshold ~ 50eV  

Si CCDs

2019 run
Limit ~70xSM

Now testing the new technology – Skipper CCD
Allows to improve s/n ratio by multiple 
measurement (>1000 times!) of each cell charge
=> allows SE counting arXiv:2208.05434 

Threshold => ~ 20 eV

~ 50g

Now, only 0.5 g! Plans to install: 

Next: a new compact module

CONNIE experiment, I. Nasteva, Magnificent CEvNS 2024

• A Multi-Chip-Module (MCM) offers a new compact arrangement of sensors:
- 16 Skipper-CCD sensors on the same module.
- Designed for the Oscura experiment.
- Multiplexed readout.

• An MCM was installed at CONNIE in May 2024:
- New vacuum interface and multiplexer boards.
- 32x increase in mass (8 g).
- Currently being commissioned.

17

Oscura design [JINST 18 (08), P08016]



Two-phase detectors

The 1-st proposal for CEvNS detection was by 
C.Hagmann & A.Bernstein (LAr):

18

Picture by LUX Collaboration

Two-phase method 
was proposed by 
Russian scientists 
in MEPhI in 1970s!

Later, successfully 
used in DM search

Photodetectors

(photomultipliers)

A two-phase method combines the advantages of gas 
detectors: the possibility of proportional or EL 
amplification, 3D positioning, SE counting, with the 
possibility to have the large mass (in the liquid phase)!

The progress in setting limits on SI WIMP-proton cross-
section RAPIDLY increased with the use of two-phase 
detectors 

IEEE Transacvons on Nucl. Science V.51 (2004), no.5, 
p2151

Emission two-phase 
detector

The produced charge is extracted from the liquid to the gas phase
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• Two-phase noble 
gas emission 
detector
• Contains ∼200 kg of 

LXe (∼ 100 kg in FV)
• 26 PMTs 

Hamamatsu 
R11410-20 (19 in 
top PMT array, 7 in
bottom PMT array)
• Thermosyphon-

based cooling 
system (LN2)

LN2 Dewar

Xe storage
electronics

Ti cryostat

break-out-box

Thermosyphon 
control

purification 

RED-100 detector

Titanium 
cryostat

Top PMT 
array

Bottom PMT 
array

Electrodes
&
field shaping rings

Sensitive 
volume LXe

RED-100

322.03.2023 Rudik Dmitrii, RED-100 experiment

•26 PMTs Hamamatsu R11410-20 
(19 in top PMT array, 7 in bottom 
PMT array) 
•Contains ∼200 kg of LXe or ~90 
kg of LAr (∼ 100 and ~50 kg in FV) 

RED-100
@ Kalinin NPP, Russia

19 m from the core, ~50 mwe
n flux: 1.35 1013 n/cm2/s

Data taking run with LXe target:
mid Jan 2022–beg Mar 2022

2022 JINST 17 T11011 – technical description

Current status: lab tests with LAr target - 3x larger signal, but 39Ar bckg

DANSS

RED-100

νGeN

iDream

● 19 meters from the reactor core
● reactor core, building&infrastructure works as a 
passive shielding from cosmic muons
● 70 cm of passive water shielding from neutrons
● 5 cm of copper passive shielding from gammas
● Antineutrino flux at place ∼ 1.35*1013 cm-2s-1

● 65 m.w.e. in vertical direction

● 2020 RED-100 was shipped to 
KNPP
● 2021 Deployed and tested
● 2022 (Jan-Feb) Physical run
● reactor OFF and reactor ON 
periods

Akimov D. Y., et al. JINST 17.11 (2022), T11011

WWER-1000 reactor:
— thermal power ~3000MW

Design of the RED 100 passive shielding. 
1 — LN2 tank, 2 — support frame, 3 — water 
tank, 4 — Cu shielding, 5 — Ti cryostat of the 
RED-100

3

RED-100 at Kalinin NPP 3

Energy threshold was set at 4 SE – corresponds to ENR ~ 1 keV or Eν~ 8 MeV!
because of  the very high rate (~30 kHz) of SE events – tails from muons

342 kg·days ON
115 kg·days OFF

More details in O. Rasuvaeva talk, this section
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LAr NaI
Ge

CsI
NIN 

cubes

COHERENT – multidetector experiment with different targetsSNS, Oak Ridge, USA

- πDAR 

COHERENT measured 
CEvNS cross-sections 

for Ar, Ge, Cs&I.

Proton beam energy: 0.9-1.3 GeV
Total power: 0.9-1.4 MW
Pulse duration: 380 ns FWHM
Repetition rate: 60 Hz
Liquid mercury target

Detectors in 
”Neutrino alley”, 
basement, 8 mwe

CENNS-750 (750-kg 
LAr) is under 
construction
600 kg FV

19

COHERENT Ge-Mini Campaign-2 Results Beyond
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Line: F(Q)=1
Green: Klein-Nystrand FF

Averaged for “Pion-decay-at-rest” 
source energies

First observation in 2017
with CsI detector
CEvNS on CsI, full statistics
PRL 129 (2022) 081801 

CEvNS on Ar
PRL 126 (2021) 012002

CEvNS on Ge 2024
arXiv:2406.13806v1 [hep-ex] 

Coming soon:

NaI detector
2425 kg of NaI
crystals 

Coming Soon: Next-Generation LAr
• While COH-Ar-10 final dataset is being analyzed (22 kg, 2 PMTs)…

• …A new LAr detector with 600kg fiducial volume and 122 PMTs is under 
construction in South Korea and the USA!

Diana Parno -- The current status of the COHERENT experiment 34

29

FIG. 22. Expected inelastic neutrino events in COH-Ar-750 after one year of running. The charged-current process,
green, is the dominant interaction channel for DUNE low-energy physics objectives.

liquid argon TPC at the STS would significantly improve this measurement. The COH-ArTPC-1 detector
will have sub-cm position resolution and favorable energy resolution. With this we will reconstruct final
state kinematics of the electron and deexcitation gammas on an event-by-event basis. The large mass of the
TPC also increases the expected rate with ⇠ 5500 events/yr expected. This will allow precision di↵erential
cross section measurements.

Additionally, the COHERENT D2O program is designed specifically to measure charged-current events
from the SNS flux. The primary purpose of this detector is to constrain systematic uncertainties on the
neutrino flux normalization at the SNS. The d(⌫e, e) interaction can be described theoretically to 2-3% [160,
161]. Thus, a measurement of the rate of this interaction can be interpreted as a measurement of the SNS
flux. With 1.3 tonnes of D2O instrumented at the SNS, we can achieve a 3% uncertainty on the SNS
flux [6]. A continued D2O program at the SNS will continue to be necessary to monitor the neutrino flux
as the SNS beam energy increases from 1 GeV to 1.3 GeV. Coincidentally, understanding the 16O(⌫e, e)16F⇤

cross section is also important as this is a background for Super-Kamiokande (and subsequently Hyper-
Kamiokande) searches for the di↵use supernova neutrino flux [162]; it is also important for interpretation
of a supernova burst signal. This cross section has not yet been measured and will constrain the Super-
Kamiokande background after a measurement from COHERENT D2O data.

F. Probing nuclear physics

The dominant uncertainty to the CEvNS cross section prediction comes from imperfect modeling of the
spatial distribution of neutrons within the target nucleus, with the average radius of neutrons given by Rn.
The CEvNS cross section is coherent if QRn ⌧ 1 and becomes suppressed at higher Q2. This degree to
which CEvNS is coherent is described by the nuclear form factor, Fnucl(Q2) and depends on Rn. The best
measurement of Rn has recently been achieved using 208Pb [163] which isolated the weak charge through
parity violation, but data are needed on nuclei we use to measure CEvNS. By measuring the suppression
observed in the CEvNS recoil spectrum, we can infer estimates for Rn on each nucleus we study. This has
been done using our CsI[Na] data, but errors are still large [128] and larger-sample measurements are needed
to precisely identify Rn.

Understanding Rn is of particular interest in astrophysics. An accurate determination of Rn, and the
di↵erence between the neutron and proton radii, is critical for understanding the equation of state for
neutron stars [164, 165] and graviational wave events [166–168]. The value of Rn is related to density of
matter within neutron stars and the mass range expected for these stars [169].

The influence of these nuclear e↵ects are shown in Fig. 23 for CEvNS events in COH-Ar-750 for nominal
and adjusted choices of Rn. We assumed the Klein form factor parameterization [170] which predicts a
characteristic Q2 deformation with varying Rn. We used this relation to fit a predicted uncertainty on Rn

from COH-Ar-750, COH-Ge-2, and COH-CryoCsI-1 datasets after three years of running, shown in Fig. 23.
With these datasets, COHERENT will measure Rn to 4.6, 5.1, and 2.9% in Ar, Ge, and CsI, respectively.
Given Rp can be measured with high precision through electron scattering, COHERENT data will also

COHERENT, 2204.04575 (Snowmass white paper)

~3000 CEvNS events and
~400 CC events per SNS-year

SimulationPlanning:
Cryo-CsI
(undoped with 
SiPM readout)
PE yield – up to 
50 PE/keV

Coming soon:
More details in 
A. Kumpan talk, 
this section
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CONCLUSION

• CEvNS is a channel of the low-energy neutrino interacion with mayer with the highest 
probability (by ~ 102 – 103 higher than for other processes)

• More than 40 y passed from the predicion of CEvNS to its experimental confirmaion

• Many experiments aimed on CEvNS observaion and study are ongoing

• For the moment, CEvNS is reliably detected by only COHERENT at SNS for Ar, Ge and Cs&I

• The 1-st results on CEvNS from neutrino “fog” appeared

• Sensiivity of reactor experiments on CEvNS detecion is approaching the SM predicion

• More results are expected very soon


